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[57] _ ABSTRACT

Implantable medical device comprising a device for
stimulating tissue contractions with adjustable stimula-
tion intensity, whereby the stimulation intensity is set
such that a stimulated event is detected after stimulation
with a detector device. The detector device detects
stimulated tissue contractions in a signal corresponding

to the chronological curve of the electrical impedance
of the tissue to be stimulated.

16 Claims, 4 Drawing Sheets
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IMPLANTABLE MEDICAL DEVICE HAVING
MEANS FOR STIMULATING TISSUE
CONTRACTIONS WITH ADJUSTABLE

STIMULATION INTENSITY AND A METHOD

FOR THE OPERATION OF SUCH A DEVICE

This is a continuation of application Ser. No.
07/870,119, filed Apr. 17, 1992, which is a continuation
Ser. No. 525,242, filed May 17, 1990.

BACKGROUND OF THE INVENTION

The invention is directed to a medical device implant-
able mto the body of a living being and comprising
means for electrical stimulation of tissue contractions
with adjustable stimulation intensity, a detector means
for detecting stimulated tissue contractions, and setting
means for automatically setting the stimulation intensity
such that the detector means detects a stimulated tissue
contraction after a stimulation. The invention is also
directed to a method for the operation of such a device.

The term “stimulation intensity” is used comprehen-
sively herein and includes, singly or in combination, the
duration, frequency, repetition rate, amplitude, etc.,
with which the means for stimulating are activated.
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The term “sensitivity” as used herein is to be under-

stood as a threshold that a signal parameter or signal
parameters of a signal corresponding to the physiolog-
ical function that is detected, for example, the amplitude
and/or steepness of an electrical signal, must exceed in
order to lead to a detection. A high sensitivity therefore
corresponds to a low threshold that must be exceeded,
whereas a lJow sensitivity corresponds to a high thresh-
old that must be exceeded. |

In devices of the type to which the invention relates,
the automatic setting of the stimulation intensity is car-
ried out with the object of, first, assuring that every
stimulation in fact leads to a stimulated tissue contrac-
tion and, second, guaranteeing that this is not achieved
on the basis of an unnecessarily high stimulation inten-
sity. A high stimulation intensity usually means high
energy consumption. Since the normally provided en-
ergy source in an implantable medical device is a bat-
tery, and a battery has a limited stored power capacity,
an unnecessary high stimulation intensity should be
avoided under all circumstances so as to prolong the
useful life of the battery and, thus, of the device.

A problem arises in such devices in that the detection
of a stimulated tissue contraction can usually ensue only
directly following a stimulation. At this time, however,
the tissue charged with the stimulation energy is still
polarized as a result of the application of electrical en-
ergy. There is thus the risk that the detector means will
be overdriven, so that a proper detection of a stimulated
contraction is not possible.

There is the possibility of only activating the detector
means when a certain balancing of potential has already
occurred; however, there is then the risk that a detec-
tion will no longer be possible at that time. Further,
there is the possibility of undertaking a further energy
application immediately following the stimulation, this
producing a balancing of potential. Although a slight
quantity of energy is required for the balancing of po-
tential in comparison to the stimulation, this additional
energy consumption is nonetheless undesirable because
it has a negative influence on the useful life of the bat-

fery.
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2
SUMMARY OF THE INVENTION

The invention provides an implantable device of the
type described above wherein a reliable detection of
stimulated contractions is assured while energy-saving
operation of the device is assured. The invention also
provides a method for the reliable and energy-saving
operation of such a device.

To these ends, the invention provides that a detector
means detects stimulated tissue contractions in a signal
corresponding to the electrical impedance of the stimu-
lated tissue.

In an embodiment, the invention provides a medical
device implantable into the body of a living being com-
prising means for the electrical stimulation of tissue
contractions with adjustable stimulation intensity: de-
tector means for the detection of stimulated tissue con-
tractions; and setting means for setting the stimulation
Intensity and for automatically setting the stimulation
intensity so that the detector means detects a stimulated
tissue contraction after a stimulation, the detector
means detecting stimulated tissue contractions in a sig-
nal (IS) corresponding to the electrical impedance of
the stimulated tissue.

Since the chronological curve of the electrical impe-
dance of the stimulated tissue in fact corresponds to the
contraction activity of the tissue, but is in no way influ-
enced in that the stimulated tissue may be potentially
polarized as a consequence of the applied stimulation
energy, a reliable detection of stimulated tissue contrac-
tions is possible with the device of the invention with-
out mcurring the risk of overdrives of the detector
means Or requiring an energy application for the depo-
larization of the stimulated tissue. However, it should be
assured that the signal corresponding to the electrical
impedance of the stimulated tissue contains no DC volt-
age components. o |

This is guaranteed in an embodiment of the invention
wherein: the detector means comprises a modulatable
current source; a demodulator circuit; an oscillator
circuit that generates a periodic oscillator signal and is
connected to the current source and to the demodulator
circuit; and a detector circuit, whereby the oscillator
signal modulates the current source so that the current
source outputs an alternating current (Q) having a con-
stant amplitude that is synchronized with the oscillator
signal (P), whereby the current source comprises two
terminals to which a bipolar electrode is connectible,
whereby the AC voltage part (R) of a voltage falling
across the current source is supplied to the modulator
circuit that is synchronized with the current source on
the basis of the oscillator signal (P) and which demodu-
lates the AC voltage part (R), and whereby a demodu-
lated signal (U) is supplied to the detector circuit.

As a consequence of the fact that, in this embodiment,
the AC voltage part of the voltage dropping off via the
modulated current source is demodulated in-phase, a
signal is obtained that exclusively reflects the impe-
dance curve of the stimulated tissue and that is free of
disturbing influences such as, for example, DC voltage
parts caused by a polarization of the stimulated tissue.

In another embodiment of the invention, the setting
means sets the stimulation intensity (A) to a value that is
higher by a selectable safety margin of the stimulation
intensity (A) than a minimum value (V) of the stimula-
tion intensity (A) at which the detector means detects a
stimulated tissue contraction after every stimulation. In
this embodiment, the stimulation intensity that is set lies



5,405,365

3

higher than that stimulation intensity that is required in |

order to assure that every stimulation in fact leads to a
stimulated tissue contraction. The minimum value of
the stimulation intensity therefore corresponds to what
is referred to as the stimulation threshold that identifies
that stimulation intensity that is minimally required in
order to trigger a stimulated tissue contraction. Since
the stimulation threshold changes as a consequence of a
great variety of influences (hormone level, time of day,
etc.) but the stimulation intensity is set based on the
chronological curve of the stimulation threshold, a
reliable operation of the device of the invention is guar-
anteed under all circumstances without the stimulation

10

intensity and, thus, the energy consumption, being -

higher than necessary.
Because tissue contractions are only stimulated when
spontaneous tissue contractions are absent, so that the

15

-required detection of spontaneous tissue contractions

can be undertaken on the basis of the signal correspond-
ing to the electrical impedance, it is provided in one
embodiment. of the invention that a further detector
means for detecting spontaneous tissue contractions is
provided that detects these spontaneous tissue contrac-

20

tions from an electrical signal corresponding to the -

contraction activity of the tissue. In view of the fact that
the formation of a signal corresponding to the electrical
impedance of the stimulated tissue involves a certain

25

amount of energy consumption, this embodiment offers -
the advantage that the detector means for detecting

stimulated tissue contractions need be activated for only
a brief time immediately following a stimulation, so that
the energy consumption is negligibly low. The energy
consumption of the further detector means serving to
detect spontaneous tissue contractions is noticeably
lower than that of the detector means for stimulated
tissue contractions.

As another aspect of the invention, a method for
operating a device to implement the foregoing is pro-
vided. In accordance therewith, the setting of the sensi-

30

35

tivity does not ensue continuously but only between 40

intervals having a duration on the order of magnitude of
hours. The detector means for detecting stimulated
events, thus, has to be placed in operation only at rela-
tively great time intervals, this reducing energy con-
sumption of the device and, thus, the useful life of a
battery that powers the device. Since discontinuous
changes in the stimulation threshold usually do not
occur, no adverse consequences for the patient need be
feared due to the described, intermittent operation.

In case of potential disturbances, however, a correc-
tion of the set stimulation intensity can quickly ensue
since, according to another embodiment, intermediate
checks can be carried out between regular setting oper-
ations which, for example, can have an interval on the
order of magnitude of minutes. These intermediate
checks can be used to determine whether the set stimu-
lation intensity is still high enough in order to trigger
stimulated tissue contractions.

Another embodiment is advantageous in that a stimu-
lation intensity is set that is based on the minimum value
of the stimulation intensity at which each stimulation
triggers a stimulated muscle contraction. It is thereby
guaranteed that the stimulation intensity is not set
higher than absolutely necessary, potentially taking
safety margins into consideration. It is thus assured that,
first, the stimulations in fact produce stimulated tissue
contractions and, second, that the energy consumption
of the device is kept optimally low.
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One embodiment of the invention is directed to the
calculation of the minimum value of the stimulation
intensity. It is thereby assured in case of a rise of the
stimulation threshold that the corresponding, higher,
minimum value of the stimulation intensity can be
quickly found, so that the number of unsuccessful stimu-
lations is limited to 2 minimum. In case of a lowering of
the stimulation threshold, the corresPt:mdmg, lower
minimum value of the stimulation intensity is calculated
step-by-step during a plurality of setting proceedings.
This offers the advantage that, given what is only a
brief-duration lowering of the stimulation threshold, the
stimulation intensity is not lowered to such an extent
that there is a risk that stimulation pulses remain unsuc-
cessful.

The advantage is achieved with the method of an
embodiment that at least one of two successive stimula-
tions triggers a stimulated tissue contraction during the
automatic setting of the stimulation intensity, so that an
adequate stimulation of the tissue to be stimulated is also
assured during the automatic setting of the stimulation
intensity.

These and other advantages and features will be ap-
parent from the following detailed description of the
presently preferred embodiments and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a heart pacemaker em-
bodying principles of the invention.

FIG. 2 is a block diagram of a second detector means
of the heart pacemaker of FIG. 1.

F1G. 3 is a graph illustrating a signal corresponding
to electrical activity of a heart for a plurality of natural
heartbeats as well as a signal corresponding to the impe-
dance of the heart.

FIG. 4 is a flow chart that illustrates a method for
automatically setting energy content of stimulation
pulses of the heart pacemaker of FIG. 1.

FIG. § 1s a flow chart illustrating a method for auto-

matically adjusting sensitivity of a first detector means

of the heart pacemaker of FIG. 1.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

In FIG. 1, there is illustrated in block diagram form a
heart pacemaker 1 embodying principles of the inven-

- tion. The component parts of the heart pacemaker 1 are

housed in a schematically indicated, hermetically tight
housing comprising an electrically conductive material,
for example titanium.

The pacemaker 1 preferably is operated in the VVI
mode. A bipolar electrode 3 leads from the heart pace-
maker 1 to a schematically indicated heart 4 of a living
being and is implanted there in a ventricle, preferably
the right ventricle. The bipolar electrode 3 has two lines
3a, 3b.

Among other things, the heart pacemaker 1 com-
prises a microprocessor 5 to which a read-only memory
(ROM) 6, and a random access write-read memory
(RAM) 7 are allocated. The ROM 6 and RAM 7 are in
communication with the microprocessor 5 via data lines
8 and 9 and address lines 10 and 11. A line 13 that serves
the purpose of switching the RAM 7 from write mode
to read mode and vice versa also leads from the micro-
processor S to the RAM 7.

A program with which all functions of the heart
pacemaker 1 are controlled is stored in the ROM 6.
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When, thus, it is mentioned below that the microproces-
sor S executes a specific function, what is to be thereby
understood 1s that the microprocessor 5 is activated for
executing the specific function by virtue of executing
the program stored in the ROM 6 in view of data stored
in the RAM 7 and data supplied to the microprocessor
S in some other fashion, for example, via input wiring.
When it is mentioned that the microprocessor 5 sets a
defined value for a parameter, then this usually mean-
s—if not otherwise specified—that data corresponding
to the defined value are stored in the RAM 7 and that
the microprocessor 5 can access these data.

10

With continued reference to FIG. 1, it is illustrated

that a crystal 14 is connected to the microprocessor 5.

As is conventional, this crystal 14 serves the purpose of 13

generating the clock signals required for the operation
of the microprocessor 5 and also representing the time
reference for the operation of the heart pacemaker 1.

~ The microprocessor 5 has an input/output wiring 15
that comprises a plurality of channels 16, 17 and 18.
These channels are described below.

20

The channel 16 serves to supply the heart with stimu-

lation pulses, as needed. The channel 16 therefore in-
cludes a stimulation pulse generator 20 that comprises a
signal output connected via an output line 21 to the line
3a of the electrode 3 and a terminal that carries a refer-
ence potential. The terminal carrying the reference
potential is electrically connected to the housing 2. This
1s iltustrated in that both the terminal of the stimulation
pulse generator 20 carrying the reference potential as
well as the housing 2 are provided with a ground sym-
bol.

Although a bipolar electrode 3 is present, the stimula-
tion ensues unipolarly. The stimulation pulse generator
20 can be activated to output a stimulation pulse via a
line 22 that is connected to a corresponding output of
the microprocessor 5. Digital data that relate to the
duration and to the amplitude and, thus, to the energy
content of the stimulation pulses proceed from the mi-
croprocessor § via a line 23 to a digital-to-analog inter-

25
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1n the signal corresponding to the electrical activity of

the heart 4.

The microprocessor 5 is connected via a line 30 to a
digital-to-analog interface 31 that forwards the digital
data supplied to it from the microprocessor 5 to the first
detector means 27 via a control line 32 as corresponding
analog signals. The digital data or, respectively, the
corresponding analog signals seérve to set the sensitivity
of the first detector means 27, i.e. that steepness and/or
amplitude that an event in the signal corresponding to
the electrical activity of the heart 4 must minimally
exhibit in order to be detected as a natural heartbeat.
Additionally, the microprocessors can supply a signal to
the first detector means 27 via control line 33 that com-
pletely inhibits this first detector means 27, so that no
signals indicating the detection of a natural heartbeat
can proceed to the microprocessor S.

When the microprocessor 5 receives a signal that
corresponds to the detection of a natural heartbeat with
the first detector means 27 via the line 29, or when the
microprocessor S activates the stimulation pulse genera-
tor 20 via the line 22 to output a stimulation pulse, the
microprocessor 5 begins to work as a counter and be-
gins to count off a plurality of clock pulses derived from
the oscillation of the crystal 14, this plurality of clock
pulses corresponding to a base time interval. The base
time interval defines that stimulation frequency with
which the heart 4 is stimulated given the absence of
natural heartbeats. When no signal indicating the detec-
tion of a natural heartbeat is supplied to the micro-
processor S via the channel 17 during the base time
interval, the microprocessor 5 activates the stimulation
pulse generator 20 via the line 22 after the expiration of
the base time interval. Following the output of a stimu-
lation pulse, the microprocessor 5 again begins to count

- off a plurality of clock pulses that corresponds to the

face 24 that supplies the stimulation pulse generator 20

with analog control signals via a control line 25, these
analog control signals corresponding to the digital data.
These analog control signals set the stimulation pulse
generator 20 so that it generates stimulation pulses hav-
ing a defined energy content, as needed, and thus so that
it stimulates the heart 4 of the living being with a de-
fined stimulation intensity.

The channel 17 has a first detector means 27 that
exclusively serves the purpose of detecting natural
heartbeats. The first detector means 27 has a signal
input connected via an input line 28 to the line 3a of the
electrode 3 and has a terminal that carries a reference
potential. As becomes clear in view of the ground sym-
bol, the reference potential of the detector means 27 is
the same as that of the corresponding of the stimulation
pulse generator 20 and the housing 2.

Although a bipolar electrode 3 is present, the detec-
tion of natural heartbeats with the first detector means
27 ensues unipolarly. When the first detector means 27

detects a natural heartbeat in the signal corresponding

to the electrical activity of the heart 4 that is supplied to
it via the line 3a of the electrode 3, it forwards a signal
indicating this detection via a line 29 to a corresponding
input of the microprocessor 5. The first detector means
27 outputs this signal when an event having a steepness
and/or amplitude typical of a natural heartbeat appears
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base time interval that defines the stimulation fre-
quency. When, by contrast, the microprocessor 5 re-
cetves a signal from the first detector means 27 that
indicates the detection of a natural heartbeat during the
course of the base time interval, it aborts the described
counting process as long as a further time interval, re-
ferred to as the refractory time, has expired and starts
the described counting process again without output-
ting a stimulation pulse. The detection of a natural
heartbeat with the first detector means 27 thus inhibits
the output of a stimulation pulse.

The refractory time is fundamentally shorter than the
base time mterval (programmable, for example, to val-
ues between 400 and 2000 milliseconds) and lasts be-
tween about 250 and 450 milliseconds. The refractory
time also is programmable and is divided into an abso-
lute refractory time usually having a duration of 125
milliseconds and into a relative refractory time corre-
sponding to the remaining time of the refractory time.
The refractory time begins to run simultaneously with
the base time interval and is calculated by the micro-
processor S during the course of the same counting
process that also serves the purpose of calculating the
base time interval.

During the absolute refractory time, the first detector

~means 27 in-the channel 17 is inhibited, this being

achieved because the microprocessor 5 supplies the first
detector means 27 with an appropriate signal via the
control line 33. As a consequence of the inhibition of the
first detector means 27, the first detector means 27 is
absolutely incapable of detecting heartbeats during the
duration of the absolute refractory time, ie. corre-
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sponding signals cannot proceed to the microprocessor
5.

After the expiration of the absolute refractory time,
the microprocessor 5 reactivates the first detector
means 27, so that this is able to detect natural heartbeats.
When, in contrast to a detection of a heartbeat after the
expiration of the refractory time, a heartbeat is detected
during the relative refractory time, the microprocessor
5 does not abort the counting process for calculating the
base time interval but continues it and ends it with an

activation of the stimulation pulse generator 20. After
the detection of a natural heartbeat, however, the mi-

croprocessor 5 again starts the full refractory time.
What is thereby achieved is that stimulation pulses are
generated with a stimulation frequency defined by the
programmed base time interval independently of the
appearance of natural heartbeats. Even when the spon-
taneous heartbeat frequency is so high that natural
heartbeats always appear within the relative refractory
time, stimulation pulses are output with the stimulation
frequency defined by the programmed base time inter-

10

15

20

val, namely until the spontaneous heartbeat frequency

has fallen below a frequency whose period duration
corresponds to the respectively set refractory time. This
function makes it possible to end certain re-entry tachy-
cardia.

‘The microprocessor 5 is also connected via a line 34
to a telemetry circuit 35 to which a transmission/recep-
tion coil 36 is connected. The heart pacemaker 1 is thus
able to exchange data with an external programming
device 37 having a keyboard 38 and a monitor 39, since
the programming device 37 is connected via a line 40 to
a second telemetry circuit 41 to which a transmission/-
reception coil 42 is connected. For the exchange of data
between the heart pacemaker 1 and the programming
device 37, the transmission/reception coil 42 of the
telemetry circuit 41 belonging to the programming
device 37 1s positioned such on the body surface of the
living being wearing the heart pacemaker 1 so that it is
inductively coupled with the transmission/reception
coll 36 of the heart pacemaker 1. It is then possible to
supply the data situated in the ROM 6 and in the RAM
7 to the programming device 37 for checking. More-
over, there 1s the possibility of supplying the RAM 7 of
the heart pacemaker 1 with modified or, respectively,
additional data from the programming device 37, these
modified or additional data influencing and mod1fymg
the operating behavior of the heart pacemaker 1, i.e. its
interaction with the heart 4. This procedure is generally
referred to as programming.

The channel 18 of the input/output wiring 15 of the
microprocessor 5 serves to make data available to the
microprocessor 5 that, with reference to the program
stored in the ROM 6, allow the microprocessor, first, to
set the stimulation intensity, i.e. the energy content of
the stimulation pulses generated with the stimulation
pulse generator 20 such that a stimulation pulse also in
fact triggers a stimulated heartbeat and, second, to set
the sensitivity of the first detector means 27 such that a
disturbance-free and reliable detection of all natural
heartbeats is guaranteed. To this end, the channel 18
contains a second detector means 43 that is provided
both for the detection of natural as well as stimulated
heartbeats. The second detector means 43 has two ter-
minals one of which is connected via the line 44 to the
line 3a and the other is connected via a line 45 to the line
3b of the bipolar electrode 3.
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In contrast to the first detector means 27, the second
detector means 43 detects natural heartbeats as well as
stimulated heartbeats, i.e. heartbeats that appear in re-
sponse to a stimulation pulse output by the stimulation
pulse generator 20. When the second detector means 43
detects a stimulated or a natural, i.e. spontaneously
occurring, heartbeat. An appropriate signal is supplied
via the line 46 from the output of the second detector
means 43 to a corresponding input of the microproces-
sor 5. Then, at that time, the microprocessor 5 will be

able to inhibit the output of the second detector means
43, by generating an appropriate signal via a control line

47.

The sensitivity of the second detector means 43 can
be set by the microprocessor 5§ by supplying digital data
via the line 48 to a digital-to-analog interface 49 which,
in turn, converts the digital data into a corresponding
analog signal that is supplied to the second detector
means 43 via a control line 50. In a way to be set forth
in detail, the analog signal supplied via the line 50 de-
fines the sensitivity of the second detector means 43, the
microprocessor 5 normally setting this sensitivity equal
to or higher than the sensitivity of the first detector
means 27.

In contrast to the first detector means 27 whose out-
put 1s enabled by the microprocessor 5 only after the
expiration of the absolute refractory time, the second
detector means 43 must be able to detect stimulated
heartbeats during the absolute refractory time. The
microprocessor 5 thus enables the output of the second
detector means 43 not only after the expiration of a
refractory time until the appearance of a natural heart-
beat or until the output of a stimulation pulse, but for a
few milliseconds after the output of a stimulation pulse,
enabling it for a short time interval, for example, 100
milliseconds. What is critical, however, is that neither
the detection of a stimulated heartbeat nor the detection
of a natural heartbeat by the second detector means 43
can inhibit the output of a stimulation pulse. Such inhi-
bition occurs only when a natural heartbeat is detected
by the first detector means 27 under the conditions set
forth above.

The automatic setting of the energy content of the
stimulation pulses generated by the stimulation pulse
generator 20 will now be described. The microproces-
sor S—after the output of a stimulation pulse—checks to
see whether a signal indicating the detection of a stimu-
lated heartbeat arrives via the line 46 from the output of
the second detector means 43, then enabled. If no heart-
beat is detected, the microprocessor 5 increases the
energy content of the next stimulation pulse by supply-
ing digital data to the digital-to-analog interface 24
which in turn converts the digital data into an analog
signal that sets the stimulation pulse generator 20 such
that the stimulation pulse generator 20 outputs a stimu-
lation pulse having increased energy content. This pro-
cess continues until the second detector means 43 de-
tects a stimulated heartbeat after a stimulation pulse.
Via the digital-to-analog interface 24, the microproces-
sor J thereby sets the stimulation pulse generator 20
such that the energy content of the generated stimula-
tion pulses corresponds to the sum of a minimum energy
content (minimum value of the energy content) needed
to stimulate a heartbeat that the second detector means

65 43 can still detect after the output of a stimulation pulse,

and of a safety margin, for example 50% of the mini-
mum energy content. The minimum energy content
thereby corresponds to what is referred to as the stimu-
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lation threshold that the energy content of a stimulation
pulse must at least reach in order to be able to trigger a
stimulated heartbeat.

For calculating the minimum energy content, the
miCroprocessor 5, commencing with a value at which
the second detector means 43 detects a stimulated heart-
beat after every stimulation pulse of 2 sequence of stim-
ulation pulses, gradually lowers the energy content of
the stimulation pulses until no stimulated heartbeat can
be detected by the second detector means 43 following
individual stimulation pulses. Proceeding on the basis of
the value of the energy content found in this way, the
microprocessor 5 again gradually increases the energy
content of the stimulation pulses, namely to just such an
extent until the second detector means 43 again detects
a stimulated heartbeat after every stimulation pulse. The
value found in this way represents the minimum energy
content of the stimulation pulses.

What is achieved by the described setting of the en-
ergy content of the stimulation pulses is that, first, the
safety of the patient is guaranteed since the stimulation
always occurs with stimulation pulses whose energy
content hies above the minimum energy content by a
safety margin. Second, it is assured that the energy
consumption of the device due to the output of stimula-
tion pulses is not higher than necessary since the energy
content of the stimulation pulses is always based on the
required minimum energy content.

The automatic setting of the sensitivity of the first

detector means 27 ensues such that, after the expiration
of the absolute refractory time, the microprocessor 5
checks to see whether a natural heartbeat detected with
the second detector means 43 was also detected with
the first detector means 27. This is possible since the
microprocessor 5 activates the first and the second de-
tector means 27 and, respectively, 43 after the respec-
tive expiration of the absolute refractory time. When
the detection of a natural heartbeat is detected only by
the second detector means 43, the microprocessor 5
increases the sensitivity of the first detector means 27 in
that it supplies digital data to the digital-to-analog inter-
face 31 that the latter converts into an appropriate ana-
log signal that sets the sensitivity of the first detector
means 27 such that its sensitivity is increased over the
previously set value. This ensues until a setting for the
sensitivity of the first detector means 27 has been found
of which the first detector means 27 also detects the
natural heartbeats detected by the second detector
means 43. |

It 1s understood that as a result, the sensitivity of the
second detector means 43 must correspond at least to
the sensitivity of the first detector means 27. However,
the microprocessor 5 sets the sensitivity of the second
detector means 43 noticeably higher than that of the
first detector means 27. But, the sensitivity of the sec-
ond detector means 43 cannot be arbitrarily increased
since 1t must be assured that disturbances and noise do
not lead to misdetections. The microprocessor 5 there-
fore sets the sensitivity of the first detector means 27 via
the digital-to-analog interface 31 so that it is higher by
a safety margin than a minimum sensitivity (minimum
value of the sensitivity) at which the first detector
means 27 still just detects a natural heartbeat also de-
tected by the second detector means 43. For example,
50% of the minimum sensitivity comes into consider-
ation as a safety margin.

For calculating the minimum sensitivity, the micro-
processor S—proceeding from a value at which the first
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detector means 27 detects every natural heartbeat de-
tected by the second detector means 43—gradually
lowers the sensitivity of the first detector means 27 until
at least some natural heartbeats detected by the second
detector means 43 can no longer be detected by the first
detector means 27. Proceeding from the value of the
sensitivity found in this way, the microprocessor 5 again
gradually increases the sensitivity of the first detector
means 27 until the first detector means 27 just detects
every natural heartbeat detected by the second detector
means 43. The value of the sensitivity of the first detec-
tor means 27 found in this way is the minimum sensitiv-
ity. -
The described setting of the sensitivity of the first
detector means 27 offers several advantages. First, it is
guaranteed, n the interest of a patient, that within the
sensitivity safety margin all natural heartbeats can in
fact be detected by the first detector means 27. Second,
1t is assured as a consequence of the fact that the setting
of the sensitivity ensues on the basis of the minimum
sensitivity that the actual existing sensitivity is never
higher than is absolutely required in the interest of the
patient, so that the risk of misdetections is extremely
low. |

An exemplary embodiment of the second detector
means 43 is illustrated in FIG. 2. What is provided is a
detector means that forms a signal that corresponds to
the external impedance present between its terminals.
What the term “external impedance” implies is that the
input impedance of the second detector means 43 is not
contained in the external impedance. What, so to speak,
the external impedance involves is the source impe-
dance that the second detector means 43 sees. This
source 1mpedance derives from the impedance of the
bipolar electrode 3 schematically indicated in FIG. 2
with its lines 32 and 35 and from the impedance of the
heart muscle tissue situated between the contact parts
51a and 515 that have an electrically conductive con-
nection to the heart, given an implanted electrode.

The impedance of the heart muscle tissue changes, as
a consequence of heart action, in harmony with the
heart action. This can be understood from FIG. 3
wherein an electrical signal ES corresponding to the
electrical activity of the heart for a plurality of natural
heartbeats and a signal IS that corresponds to the elec-
trical impedance of the heart are illustrated so that they
can be compared.

As 1llustrated, the second detector means 43 com-
prises a bipolar, modulatable current source 52 that is
connected parallel to the source impedance between the
terminals of the second detector means 43. The current
source 52 1s connected to an oscillator 53 that generates
a square-wave signal P with a constant amplitude and
with a constant frequency that is noticeably higher than
the anticipated heartbeat frequency. For example, 4
kHz can be the frequency of the square-wave signal.

The oscillator 53 modulates the current source 52
such that the latter generates an alternating current Q
having a constant amplitude that corresponds to the
signal of the oscillator 53 in terms of its frequency and
curve shape and that is symmetrical relative to the zero
hine. This alternative current Q flows through the
source impedance connected to the second detector
means 43.

'The voltage drop arising across the source impedance
as a consequence of the alternating current Q is ampli-
fied by a differential amplifier 54 whose inputs are con-
nected via coupling capacitors 55z and 555 to the lines
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44 and 49, respectively. As a consequence of the cou-
pling capacitors §5a, 55b, the differential amplifier 54
amplifies only the voltage drop produced by the alter-
nating components of the current, this representing a
measure of the existing source impedance. Since the
impedance of the electrode 3 does not change, the
change of the source impedance occurs exclusively
because of impedance changes of the heart as a conse-
quence of heart action. An output signal R of the differ-
ential amplifier 54 is also symmetrical about the zero
line thus reflects the impedance curve of the heart and,
thus, the heart action.

'The output signal R of the differential amplifier 54 is
supplied to a2 demodulator 56. The demodulator 56
demodulates the output signal R of the differential am-
plifier 54 as a consequence of the fact that the signal Q
of the oscillator 53 is supplied to the demodulator 56 in
correct phase relation to the modulation of the power
source 92, so that a unipolar signal U, whose curve
corresponds to the impedance curve of the heart or,
respectively, of the heart action and that essentially
corresponds to the signal IS of FIG. 3 is present at the
output of the demodulator 56.

‘The unipolar signal U is supplied to a band-pass filter
57 whose transfer function is selected so that only those
signal parts that are typical in terms of frequency or,
respectively, steepness of heartbeats whether natural or
stimulated can pass the band-pass filter 57.

The output signal of the band-pass filter 57 proceeds
to the one mput of a comparator 58 that compares the
amplitude thereof to a threshold signal that is supplied
to its other input via the control line 50. The threshold
signal 1s the output signal of the digital-to-analog inter-
face 49. When the amplitude of the output signal of the
band-pass filter 57 exceeds the level of the threshold
signal, the output signal of the comparator 58 changes
from one extreme value to another extreme value. The
original output signal of the comparator 58 is restored
when the amplitude of the output signal of the band-
pass filter §7 drops below the amplitude of the threshold
signal.

In the illustrated embodiment, the output signal of the
comparator 58 has the value logical “0” as long as the

amplitude of the output signal of the band-pass filter 57

does not exceed the threshold signal. When a transgres-
sion of the threshold signal amplitude occurs, the output
signal of the comparator 58 changes to a logical “1”.
When, thus, the microprocessor 5 sets the threshold
signal via the digital-to-analog interface 49 so that it has

an amplitude that exceeds the amplitude of the output

signal of the band-pass filter 57, a signal that has the
level logical “1” in the case of the detection of a heart-
beat 1s available at the output of the comparator 58.
As further illustrated, the output signal of the com-
parator 58, however, is not directly supplied to the
microprocessor 5 but proceeds to one input of an AND
gate 59 whose output is connected to the line 46 leading
to the microprocessor 5. The control line 47 is con-
nected to another input of the AND gate 59. It thus
becomes clear that the signals indicating the detection
of a natural or stimulated heartbeat can only proceed

via the line 46 to the microprocessor 5 when the latter

enables the output of the second detector means 43 in
that it supplies the AND gate 59 with a logical “1”
signal via the control line 47.

Alternatively, there is also the possibility of switch-

10

12

consumption of the heart pacemaker because the entire
detector means would use no current.

Further, the oscillator 53 need not necessarily be
present as a separate circuit. The square-wave signal
required for the modulation of the current source 52
and for the synchronization of the demodulator 56 can
also be derived from the oscillation of the crystal 14
connected to the microprocessor 5.

In conjunction with the detection of stimulated heart-
beats, the described fashioning of the second detector

- means 43 offers the advantage that the electrical signal

15

20

235

30

335

45

30

3

65

ing the entire detector means 43 off during timespans

wherein it is not required. This would lower the power

corresponding to the impedance of the heart is exclu-
sively calculated on the basis of that voltage drop across
the source impedance that appears as a consequence of
the alternating current output by the current source 52.
This calculation arises as a result of the fact that the
heart muscle tissue in the region of the contact 51a of
the electrode 3 has a potential that deviates from the
potential of the heart muscle tissue in the region of the
contact 515 immediately after a stimulation pulse—and
the detection of a stimulated heartbeat that must be
ensue at this time cannot occur.

In conjunction with the automatic setting of the sensi-
tivity of the first detector means 27, the described em-
bodiment of the second detector means 43 offers the
advantage that the detection of the same natural heart-
beat with the first detector means 27 and with the sec-
ond detector means 43 does not occurs simultaneously,
which could lead to problems when processing the
corresponding signals with the microprocessor 5. On
the contrary, the detection with the second detector
means 43 occur a short time after the corresponding
detection with the first detector means 27. In conjunc-
tion with the automatic setting of the sensitivity of the
first detector means 27, thus, the microprocessor 5 must
merely check whether the detection of a natural heart-
beat with the second detector means 43 is preceded by
a corresponding detection with the first detector means
27. Malfunctions of the first detector means 27 due to
the alternating current of the second detector means 43
need not be feared since the frequency of the alternating
current is high enough so that the first detector means
27 cannot respond thereto.

The automatic setting of the stimulation intensity and
the setting of the sensitivity of the detector means hav-
ing been set forth, the operating methods with respect
thereto shall now be set forth in greater detail in con-
junction with FIGS. 4 and 5. +

FIG. 4 illustrates an operating method for automati-
cally setting the stimulation intensity, i.e. the energy
content of the stimulation pulses. In accordance there-
with, a continuous setting of the stimulation intensity
does not occur. On the contrary, the heart pacemaker is
usually 1n an operating mode referred to as “NORMAL
MODE” wherein the second detector means 43 is
switched off and the microprocessor 5 is not activated
in any way whatsoever for setting the energy content of
the stimulation pulses. This saves energy and makes it
possible to change the stimulation intensity without
disadvantaging the patient since the stimulation thresh-
old usually changes only very slowly, so that to under-
take an automatic setting of the energy content of the
stimulation pulses at longer time intervals is adequate.

In the illustrated embodiment, the setting operation
occurs between time intervals on the order of hours.
During these time intervals, the stimulation pulse gener-
ator 20 stimulates the heart with stimulation puises hav-
ing an energy content A that was set during the most
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recently undertaken, automatic settmg of the energy
content. This energy content A is composed of the
minimum energy content V corresmndmg to the stimu-
lation threshold that is required in order to trigger a
stimulated heartbeat detectable with the second detec-
tor means 43 and of a safety margin M. In special cases
that shall be set forth below, an additional safety margin
N that, for example, can amount to 25% of the mini-
mum energy content V can also be present.

The fact that the stimulation pulse generator 20 gen-
erates a stimulation pulse with the energy content A in
the “NORMAL MODE?” is illustrated by the steps
(where “STIM” is a command to stimulate) STIM A
=V+M and, respectively, STIM A=V+M-+N. In
FIG. 4, moreover, the association of the command
STIM with a particular defined energy content A al-
ways denotes that a stimulation pulse with the content
A is output.

During the course of the automatic settmg of the
stimulation, the second detector means 43 is activated
and a check is carried out for a defined plurality of
stimulation pulses having, e.g., the energy content
A=V +M to determine whether the second detector
means 43 detects a stimulated heartbeat. The detection
of a stimulated heartbeat is indicated in FIG. 4 by the
flag DET, whereas the absence of detection of a stimu-
lated heartbeat following a stimulation is indicated by

the flag NO DET. The energy content A of each of the
‘stimulation pulses thereby amounts to A =V+M re-

gardless of whether the additional safety margin N was -

previously present.

When a stimulated heartbeat is detected for each of
the defined plurality of stimulation pulses, the next stim-
ulation pulse is generated with the minimum energy
content V. When this stimulation pulse also leads to the
detection of a stimulated heartbeat, a stimulation pulse
having an energy content of A=V =1, i.e., V dimin-
ished by a defined step I, is output as the fractlon of the
maximally possible energy content A, of the next
stimulation. For example, the step I can be a defined
stimulation pulses. When this stimulation pulse also
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leads to the detection of a stimulated heartbeat, this

means that the stimulation threshold has dropped. The
most recent existing value reduced by the step 11is there-
fore set as the new minimum energy content V and the
new minimum energy content V increased by the safety
margin M is set as the new energy content A of the
stimulation pulses. This is indicated in FIG. 4 by the
command SET V=V -1 and SET A=V +4M (where
SET means to set a value). In FIG. 4, moreover, the
command SET in combination with the specification of
a parameter always denotes that a new value is allo-
cated to this parameter. The heart pacemaker then stim-
ulates in the “NORMAL MODE” with the newly set
energy content A that, please note, is lower by the step
I than that previously present.

It 1s conceivable that the stimulation threshold be-
tween two successive, setting procedures drops to such
an extent that a lowering of the minimum energy con-
tent V by more than one step I can occur. In the interest
of the safety of the patient, however, lowering the mini-
mum energy content by only one step 1 is permitted. If
the stimulation threshold were in fact to stabilize at a
level that allows for further reduction of the energy
content A, then the further reduction would still occur
early enough during the course of the next regular set-
ting or settings of the energy content A.
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When a stimulation pulse having the energy content
A=V —] does not lead to the detection of a stimulated
heartbeat, this denotes that the stimulation threshold
has not changed since the most recent, setting proce-
dure. The earlier minimum energy content V and the
earlier energy content A are therefore set again before
the return into the “NORMAL MODE” ensues.

When stimulation with the most recently found mini-
muin energy content V does not lead to the detection of
a stimulated heartbeat, the stimulation threshold is con-
sidered risen. Then a stimulation pulse having the maxi-
mally possible energy content A, is first output in
order to assure that no more than one stimulation pulse
remains unsuccessful.

When, following this stimulation pulse having the
maximum energy content A,,zx, a stimulated heartbeat
1s detected, a stimulation with an energy content
A =V +1 that corresponds to the most recent minimum
energy content V increased by a step I ensues. When
this leads to the detection of a stimulated heartbeat, the
new minimum energy content V is correspondingly set.
Differing from before, however, it is not only the sum
of the new minimum energy content V and of the safety
margin M that is set as new energy content A. On the
contrary, a further increase of the energy content A by
the afore-mentioned, additional safety margin N ensues.
Stimulation with an energy content A=V+M-+N is
thus carried out in the “NORMAL MODE” until the
next setting of the energy content A. This is done in
order toundertake appropriate precautions in the inter-
est of the safety of the patient in case of a further in-
crease of the stimulation threshold. In case no further
rise of the stimulation threshold occurs before the next,
settmg procedure, the additional safety margin N is
again ehminated, as derived from the explanations
above.

When stlmulatlon with the minimum energy content
V increased by a step I does not lead to the detection of
a natural heartbeat, the minimum energy content V is
increased by a further step I. However, a stimulation
with the maximum energy content A,,;x ensues first.
Only when a stimulated heartbeat is subsequently de-
tected, does stimulation with an energy level equal to
the minimum energy V plus an increment I and further
increment I occur. This is repeated until 2 minimum
energy content V 1s found that leads to the detection of
a stimulated heartbeat, whereupon the new energy con-
tent A 1s set for the “NORMAL MODE?” as set forth
immediately above, this being higher than the previ-
ously existing energy content A corresponding to the
plurality of steps I and by the additional safety margin
N.

When a stimulation with the maximum energy con-
tent Apnmexalso does not lead to the detection of a stimu-
lated heartbeat, the maximum energy content A,,qx iS
set as the energy content A for all further stimulations
and the second detector means 43 is switched off. As
indicated by the command SIGNAL, moreover, steps
are undertaken so that in the next communication of the
programmer 37 with the heart pacemaker 1, a message
1s output for an attending physician to see that an auto-
matic setting of the energy content A of the stimulation
pulses was not possible and a switch was therefore un-
dertaken to the maximum energy content A ,4y.

When one of the defined plurality of stimulation
pulses that, as set forth, are output at the beginning of a
procedure for setting the energy content A of the stimu-
lation pulses already does not lead to the detection of a
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stimulated heartbeat, this means that the stimulation
threshold has risen to such an extent, for example due to
a dislocation of the end of the electrode implanted into
the heart, that a minimum energy content V of the
stimulation pulses is required that is higher than the
energy content A=V +M. Thus, the minimum energy
content V 1s mitially increased to V=V +M before the
output of a stimulation pulse with the maximum energy
content A4 ensues, this being followed by the previ-

ously described method steps for calculating a new
minimum energy content V and by the fixing of the new

energy content A taking the additional safety margin N
into constderation before a return into the “NORMAL
MODE” ensues.

Between two successive, regular setting procedures,
at least one intermediate check to determine whether
the detection of a stimulated heartbeat occurs after a
defined plurality of stimulation pulses having the most
recently set energy content, iie. A=V+M or
A=V 4+M+N, 1s carried out. If a plurality of such
intermediate checks are carried out, they are separated
from one another by a time interval having a duration
on the order of magnitude of, for example, minutes. To
this end, the “NORMAL MODE” is left and the second
detector means 43 1s activated. When the appearance of
a stimulated heartbeat is detected for all stimulation
pulses of the defined plurality (four pulses in the case of
FIG. 4), a return to the “NORMAL MODE” ensues.
When, by contrast, the detection of a stimulated heart-
beat 1s absent for one of the stimulation pulses, a stimula-
tion with the maximum energy content A,,;x ensues
next. Thereafter, a new minimum energy content V and
a new energy content A=V +M--N of the stimulation
pulses is set in the way already set forth and a return
into the “NORMAL MODE” is undertaken with this
value.

The described checking of a second time ensues in the
interest of the safety of the patient in order to be able to
quickly do justice to potential disturbances or abnormal
changes of the stimulation threshold.

As a comparison of FIGS. 4 and 5 shows, the operat-
ing method for automatically adjusting the sensitivity of
the first detector means 27 shown in FIG. 5§ is similar to
the operating method for automatically setting the en-
ergy content of the stimulation pulses.

Similarly, a continuous sensitivity setting does not
take place with respect to the sensitivity of the first
detector means 27. On the contrary, the heart pace-
maker is usually in its operating mode referred to as
“NORMAL MODE” wherein the second detector
means 43 1s switched off. This can also be done without
disadvantaging the patient in view of the setting of the
sensitivity of the first detector means 27 since the condi-
tions usually do not change so quickly that a continuous
setting of the sensitivity of the first detector means 27
would be required. It is thus adequate to undertake a
setting of the sensitivity between time intervals having a
duration on the order of magnitude of hours. The times
for automatically setting the sensitivity of the first de-
tector means 27 are expediently selected such that they
occur immediately before or immediately after the
times during which the automatic setting of the energy
content of the stimulation pulses ensues.

During the time intervals laying between successive
sensitivity setting procedures, the sensitivity of the first
detector means 27 corresponds to the sensitivity set at
the most recently undertaken, automatic setting proce-
dure. This sensitivity S is composed of 2 minimum sensi-
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tivity T, that is required so that a natural heartbeat
detected with the second detector means 43 is also de-
tected with the first detector means 27, and of a safety
margin X of the sensitivity. In special cases that shall be
set forth later, an additional safety margin Y of the
sensmwty that, for example, can amount to 25% of the
minimum sensitivity T can also be present.

The fact that the first detector means 27 is set to the
sensitivity S 1s illustrated by the command SENSE
S="1"—X or, respectively, SENSE S=T —-X—-Y. The
safety margins X or, respectively, Y are thereby sub-
tracted from the minimum sensitivity T since a higher
sensitivity S usually corresponds to a lower numerical
value of the sensitivity S. In FIG. 5, the association of
the command SENSE with the specification of a spe-
cific sensitivity S, moreover, always denotes that the
sensitivity S of the first detector means 27 is set to the
specific sensitivity value.

The second detector means 43 is activated during the
course of the automatic setting of the sensitivity S of the
first detector means 27. A check is then carried out for
a defined plurality of natural heartbeats detected by the
second detector means 43, these natural heartbeats pref-
erably being four in number, to see whether these are
also detected by the first detector means 27 that is set to
the sensitivity S=T —X, namely regardiess of whether
the additional safety margin Y was previously present in
the “NORMAL MODE?”. The detection of a natural
heartbeat by the first detector means 27 is illustrated in
FIG. 5 by the flag DET. When the first detector means
27 fails to detect a heartbeat detected with the second
detector means 43, this is illustrated by the flag NO
DET.

When all natural heartbeats of the defined plurality of
natural heartbeats detected by the second detector
means 43 are also detected by the first detector means
27, the sensitivity S of the first detector means 27 is set
to the most recently found minimum sensitivity T.
When the first detector means 27 then detects the next
natural heartbeat also detected by the second detector
means 43, the sensitivity S of the first detector means 27
1s again reduced by a defined step E to S=T+E. For
example, the step E can be a defined fraction or a multi-

ple of the maximally possible sensitivity S;,qx of the first

detector means 27. When the first detector means 27
having the sensitivity S=T+E also detects the next
natural heartbeat detected by the second detector
means 43, T=T +E 1s set as the new minimum sensitiv-
ity T of the first detector means 27 and S=T —X is set
as the new sensitivity S of the first detector means 27,
this being illustrated by the commands SET T=T+E
and SET S=T —S. In combination with the specifica-
tion of a parameter, moreover, the command SET in
FIG. § always denotes that a new setting of the corre-
sponding parameter to the recited value ensues. The
first detector means 27 is then set in the “NORMAL
MODE?” to the new sensitivity S is lower by the step E
than that sensitivity that was previously present.

It 1s possible that the conditions between two succes-
sive, sensitivity setting procedures change so greatly
that a reduction of the minimum sensitivity T by more
than one step E would be possible. Preferably, in the
interest of the safety of the patient, a reduction by only
one step E 1s permitted to be undertaken. Should the
conditions in fact stabilize at a level that allows a further
reduction of the sensitivity S of the second detector
means 27, this then ensues in the course of the next
automatic setting or settings of the sensitivity S.



5,405,365

17

When the first detector means 27 having the sensitiv-
ity S=T+E does not detect the next natural heartbeat
detected by the second detector means 43, this means

that the conditions have not changed since the most

recent sensitivity setting procedure. The minimum sen-
sitivity T and the sensitivity S are therefore reset to the
previously existing values before a return into the
“NORMAL MODE” ensues. |

When the first detector means 27 fails to detect a
natural heartbeat detected by the second detector
means 43 given the most recent existing minimum sensi-
tivity T, this means that an increase in the minimum
sensitivity T must ensue. In order to maintain the proper
function of the heart pacemaker 1 to the farthest possi-
ble degree in the interests of the patient, the sensitivity
S, however, is initially set to its maximum value S,uqx
until the detection of the next natural heartbeat, this
maximum value S,.x, however, being selected such
that disturbances and muscle tics cannot lead to misde-
tections. When the next natural heartbeat detected with
the second detector means 43 is also detected by the
first detector means 27 set to the maximum sensitivity
Smax, the first detector means 27 is set to a sensitivity S
that corresponds to the most recently present minimum
sensitivity T increased by the step E. When the first
detector means 27 having this sensitivity S detects the
next natural heartbeat detected by the second detector
means 43, the new minimum sensitivity T is correspond-
ingly fixed. In contrast to previous settings, however, it
1s not the minimum sensitivity T increased by the safety
margin X that is set as new sensitivity S. On the con-
trary, a further increase by the afore-mentioned addi-
tional safety margin Y ensues. In the “NORMAL
MODE?”, the sensitivity of the first detector means 27 is
thus set to S=T —X —Y until the next sensitivity setting
procedure. This is done in order to undertake precau-
tionary measures in the interests of the safety of the
patient that already correspond to the case wherein a
further increase in the minimum sensitivity T were to
become needed. It is understood from the above expla-
nations that the additional safety margin Y is in turn
eliminated when no further increase in the minimum
sensitivity T is required up to the next sensitivity setting
procedure.

When the minimum sensitivity T of the first detector
means 27 increased by a step E is not adequate for de-
tection of a natural heartbeat by the second detector
means 43, the minimum sensitivity T is increased by a
further step E. First, however, the sensitivity of the first
detector means 27 is set to its maximum value S, in
order to enable the detection of the next natural heart-
beat. Only when this detection has occurred is a check
carried out for the subsequent natural heartbeat de-
tected by the second detector means 43 to determine
whether detection also occurs with the first detector
means 27 having its sensitivity S increased by a further
step E. This is repeated until a new minimum sensitivity
T 1s found with which the first detector means 27 also
detects a natural heartbeat detected by the second de-
tector means 43. Thereafter, the new minimum sensitiv-
ity T and the new sensitivity S are set as set forth imme-
diately above and a switch into “NORMAL MODE” is
undertaken with these values, whereby the safety mar-
gin X and the additional safety margin Y are then pres-
ent.

When a natural heartbeat detected by the second
detector means 43 is not detected by the first detector
means 27, even when the first detector means 27 is set to
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its maximum sensitivity S;..x, the sensitivity S of the
first detector means 27 is thus set to its maximum value
Smax for the further operation of the heart pacemaker.
Steps are also undertaken to assure that the attending
physician is informed at the next communication of the
programmer 37 with the heart pacemaker 1 that the
sensitivity of the first detector means 27 was set to its
maximum value Spex. Alternatively, instead of setting
the sensitivity of the first detector means to its maxi-
mum value S,,4x, it can also be provided that the first
detector means 27 is deactivated and is replaced by the |
second detector means 43.

When the first detector means 27 has its sensitivity S
set to the value S=T —X but does not detect one of the
plurality four (in the illustrated embodiment) of natural
heartbeats detected with the second detector means 43
at the beginning of the described operating method, this
means that the minimum sensitivity T of the first detec-
tor means 27 must be increased by more than the safety
margin X in order to enable for the first detector means
27 to detect a natural heartbeat detected by the second
detector means 43. In this case, a new minimum sensitiv-
ity T is first set, new minimum sensitivity T correspond-
ing to the previously sensitivity S. Thereafter, the
above-described procedure is carried out in order to
calculate the minimum sensitivity T, whereupon a re-

“turn to the “NORMAL MODE?” ensues after the set-

ting of a corresponding sensitivity S.

In a manner similar to the automatic setting of the
energy content A of the stimulation pulses, an interme-
diate check to determine whether the setting of the
sensitivity S present in the “NORMAL MODE?” is
essentially still correct is carried out between two suc-
cessive, sensitivity setting procedures for the first detec-
tor means 27. If a plurality of intermediate checks are
made, the time intervals therebetween are relatively
short, i.e., they have a duration on the order of magni-
tude of minutes. To this end, the “NORMAL MODE”
1s left and the second detector means 43 is activated. For
a defined plurality of natural heartbeats detected by the
second detector means 43 (these natural heartbeats are
four in number in the illustrated embodiment of FIG. 5),
a check is then carried out to determine whether these
heartbeats are also detected by the first detector means
27. When this is the case for all natural heartbeats of the
defined plurality, a return to the “NORMAL MODE”
ensues. When the first detector means 27 fails to detect
one of the natural heartbeats, the minimum sensitivity T
is reset to a value that corresponds to the sensitivity S
previously present in “NORMAL MODE?”. The calcu-
lation of a new minimum sensitivity T in the way set
forth above follows thereupon, and this is followed by a
return to the “NORMAL MODE?” after the determina-
tion and setting of a new sensitivity S for the first detec-
tor means 27.

‘The times for the setting procedures and intermediate
checks are expediently calculated by the microproces-
sor S in that it counts a corresponding plurality of clock
pulses generated by the crystal 14.

Critical functions of the heart pacemaker of the de-
scribed exemplary embodiment are controlled by a
suitably programmed microprocessor 5. The corre-
sponding functions, however, can also be realized with-
out a traditionally constructed control logic.

Insofar as an automatic setting of the sensitivity of the
detector means serving the purpose of detecting natural
heartbeats is not desired, the entire channel 15 including
the first detector means 27 can be eliminated. The func-
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tion thereof is then assumed by the second detector
means 43. Differing from the described exemplary em-
bodiment, natural heartbeats are only detected by the
detector means 43. Consequently, the inhibition of the
output of stimulation pulses ensues on the basis of the
output signals of the detector means 43, in the manner
set forth above in conjunction with the detector means
27.

Although the invention has been set forth only with
reference to a heart pacemaker, it can also be employed
in other medical devices that comprise a detector means
having variable sensitivity.

While a preferred embodiment has been shown, mod-
ifications and changes may become apprent to those
skilled in the art which shall fall within the spirit and
scope of the invention. It is intended that such modifica-
tions and changes be covered by the attached claims.

We claim as our invention:

1. A medical device implantable into the body of a
living being, comprising:

means for electrically stimulating tissue contractions

with an adjustable stimulation intensity, said means
adapted for electrical connection to contractible
tissue;

first detector means electrically coupled to said

means for electrically stimulating tissue contrac-
tions for detecting stimulated tissue contractions by
obtaining a signal corres;:onding to impedance of
the tissue and comparing amplitude of the signal ,
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with a predetermined threshold value correspond- ~

Ing to a tissue contraction; and

setting means in communication with the detector

- means for, at successive points in time, automati-
cally determining and setting a present stimulation
intensity to a value that is sufficient to stimulate a
tissue contraction, said determining being based on
detections by the detector means.

2. The device of claim 1, wherein the first detector

means comprises:

a modulatable current source having two terminals to

which a bipolar electrode is connectable;

a demodulator circuit means connected to said cur- |

rent SOUrCe;

an oscillator circuit means, connected to the current
source and to the demodulator circuit means, for
generating a periodic oscillator signal and for mod-
ulating the current source with the oscillator signal
so that the current source outputs an alternating
current having a constant amplitude that is syn-
chronized with the oscillator signal;

said demodulator circuit means for receiving an A/C

voltage portion of a voltage across the current
source that is synchronized with the current source
based on the oscillator signal, and for demodulating
the A/C voltage portion and generating a demodu-
lated signal; and

comparator circuit means connected to said demodu-

lator circuit means for comparing said demodu-
lated signal with said predetermined threshold
value.

3. The device of claim 1, wherein the means for elec-
trically stimulating tissue contractions only stimulates
tissue contractions during absence of spontaneous tissue
contractions; wherein a further detector means for de-
tecting spontaneous tissue contractions is provided; and
wherein the first detector means only is activated after
delivery of a stimulation pulse.
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4. The device of claim 1, wherein the device is a heart
pacemaker; wherein the means for electrically stimulat-
ing tissue contractions stimulates heart activity with
electrical pulses; wherein the setting means for setting
the present stimulation intensity sets energy content of
stimulation pulses; and wherein heartbeats are detected
as tissue contractions. _

5. The device of claim 1, wherein the setting means
comprises means for setting. A present stimulation in-
tensity to a value that is higher by a safety margin than
a present minimum value of a stimulation intensity at
which the detector means detects a stunulated tissue
contraction.

6. The device of claim 5, wherein the setting means
comprises adjustment means for determining the pres-
ent minimum value of the stimulation intensity, by de-
creasing the stimulation intensity, proceeding from a
value at which stimulated tissue contractions are de-
tected by the detector means, until no stimulated tissue
contractions can be detected, and then increasing the
stimulation intensity until the detector means again
detects stimulated tissue contractions; the present mini-
mum value of the stimulation intensity then being set to
be equal to a last stimulation intensity used.

7. A method of operating a medical device implant-
able into the body of a living being comprising the steps
of:

electrically stimulating tissue contractions with an

adjustable stimulation intensity;
detecting tissue contractions by obtaining a signal
corresponding to impedance of the stimulated tis-
sue and comparing amplitude of the signal with a
predetermined threshold value corresponding to a
tissue contraction and characterizing those ampli-
tudes greater than the predetermined threshold
value as detections of tissue contractions; and

automatically, at successive points of time, determin-
ing and setting a present stimulation intensity to a
value sufficient to stimulate tissue contractions,
sald determining being based on the detections of
tissue contractions.
8. The method of claim 7, comprising the further step
of:
determining, during every automatic determining and
setting of the present stimulation intensity, a pres-
ent minimum value of the stimulation intensity,
which present minimum value forms a basis for the
determining and setting of the present stimulation
intensity.
9. The method of claim 8, wherein the present stimu-
lation intensity is-set to a value higher by a safety mar-
gin than the present minimum value.
10. A method of claim 7, comprising the further steps
of:
automatically checking at least once between two of
said successive points of time as to whether a detec-
tion of tissue contraction has occurred after a stim-
ulation with the present stimulation intensity; and

if a tissue contraction is not detected, determining and
setting the present stimulation intensity to a higher
value that is sufficient to stimulate tlssue contrac-
tions.

11. The method of claim 10, wherein, when no stimu-
lated tissue contraction is detected following a stimula-
tion, the next stimulation is delivered with a maximum
stimulation intensity. | |
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12. A method of operating a medical device implant-

able mto the body of a living being comprising the steps
of:
electrically stimulating tissue contractions with an
adjustable stimulation intensity;
detecting tissue contractions by obtaining a signal
corresponding to impedance of the tissue;
comparing amplitude of the signal with a predeter-
mined threshold value;
automatically, at successive points of time, determin-
ing and setting a present stimulation intensity to a
value sufficient to stimulate tissue contractions,
said determining being based on the detections of
tissue contractions;
determining, during every automatic determining and
setting of the present stimulation intensity, a pres-
ent minimum value of the stimulation intensity,
which present minimum value forms a basis for the

determining and setting of the present stimulation 20

intensity wherein the present stimulation intensity
i1s set to a value higher by a safety margin than the
present minimum value; and

setting the present stimulation intensity to a value that
1s higher by the safety margin, plus an additional
safety margin, than the present minimum value, if
the present minimum value is higher than the pres-
ent mmimum value that was determined during a
preceding determining and setting of the present
stimulation intensity.

13. The method of claim 12, comprising the further

step of:

setting the present stimulation intensity to a value that
1s equal to the present stimulation intensity that was
set at a preceding determining and setting of the
present stimulation intensity reduced by a value
that is equal to the value of the additional safety
margin, if the present minimum value is at most
equal to the present mininum value that was deter-
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mined during the preceding determining and set-

ting of the present stimulation intensity.

14. The method of claim 12, comprising the further
step of:

setting the present minimum value to be equal to the

present stimulation intensity reduced by the value
of the additional safety margin, if a tissue contrac-
tion is not detected after a stimulation with the
present stimulation mntensity reduced by the value
of the additional safety margin.

15. A method of operating a medical device implant-
able mto the body of a living being comprising the steps
of:

electrically stimulating tissue comtractions with an

adjustable stimulation intensity;

detecting tissue contractions by obtaining a signal

corresponding to impedance of the tissue;
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comparing amplitude of the signal with a predeter-
mined threshold value;
automatically, at successive points of time, determin-
ing and setting a present stimulation intensity to a
value sufficient to stimulate tissue contractions,
said determining being based on the detections of
tissue contractions: and
determining, during every automatic determining and
setting of the present stimulation intensity, a pres-
ent minimum value of the stimulation intensity,
which present minimum. value forms a basis for the
determining and setting of the present stimulation
intensity wherein when a determination of the pres-
ent mimimum value is to be undertaken, a stimula-
tion with a stimulation intensity that is equal to the
present minimum value that was determined during
a preceding determining and setting of the present
stimulation intensity is delivered and, if a tissue
contraction is not detected, the stimulation inten-
sity 1s gradually increased until a stimulated tissue
contraction is detected after every stimulation, and
the present minimum value is set to be equal to the
last stimulation intensity used.
16. A method of operating a medical device implant-
able into the body of a living being comprising the steps

of:

electrically stimulating tissue contractions with an
adjustable stimulation intensity:

detecting tissue contractions by obtaining a signal
corresponding to impedance of the tissue;

comparing amplitude of the signal with a predeter-
mined threshold value;

automatically, at successive points of time, determin-
ing and setting a present stimulation intensity to a
value sufficient to stimulate tissue contractions,
said determining being based on the detections of
tissue contractions; and

determining, during every automatic determining and
setting of the present stimulation intensity, a pres-
ent minimum value of the stimulation intensity,
which present minimum value forms a basis for the
determining and setting of the present stimulation
intensity wherein when a determination of the pres-
ent minimum value is to be undertaken, a stimula-
tion with a stimulation intensity that is equal to the
present minimum value that was determined at a
preceding determining and setting of the present
stimulation intensity is delivered and if a tissue
contraction is detected, the stimulation intensity is
reduced by a predefined amount and if a tissue
contraction is detected with the reduced stimula-
tion intensity, the present minimum value is set to
be equal to the reduced stimulation intensity, other-
wise, the present minimum value is set to be equal
to the present minimum value that was determined
at the preceding determining and setting of the

present stimulation intensity.
¥ Xk %k ¥ %k
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